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43) arranged so that shaped facets of adjacent LEDs come together to 
increase the packing density of LEDs in the cluster. A light guide (41) 
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beam. A heat pipe (45) is provided to conduct heat away from the LEDs 
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OPTICAI/ IRRADIATION DEVICE 



TECHNICAL FIELD 



This invention relattis to an optical irradiation device, 
especially a compact 5»ortable irradiation device suitable for 
use as a light polymerisation source. 

It has already been proposed to use light-emitting diodes LEDs 
in a hand held device to produce a focused beam of light to 
cure dental materials . Blue light at a peak wavelength of 
about 47 0niu is used to harden dental polymers vjhich contain 
c2unphorocauinone as the photoinitator in a methacrylate 
polymerisation process. However, there is a problem in 
producing a sufficient level of irradiance even with a 
clustered array of LEDs. to cure the known dental polymers in 
the recommended time. At the lower levels of irradiance 
available generally below 3 00mW/sq.cm, longer curing times 
have to be allowed, which reduces the efficiency of the dental 
t r ea tmen t de 1 i ver ed . 

DISCLOSURE OF THE INVEITTTON 

An object of the present invention is to provide an optical 

irradiation device that employs LEDs, and thereby has the 

benefits of compactness, portability. ruggedness and long 
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Life, but which also produces improved levels of irradiance at 
and above 30 0mW/s<5. cm. 

According to a first aspect of the invention. LEDs are 
clustered in an irradiation device by forming shaped facets on 
adjacent LEDs which allow thexa to adjoin more closely than 
they would otherwise with conventional spherical outer 
surfaces as manufactured currently. 

According to a second aspect, the invention consists in a 
tapered light guide for an optical irradiation device, which 
light guide is tapered from its input end to its output end 
and has an intermediate region of minimum diameter in which a 
bend is formed. 

According to a third «pe=t. the invention consists in .„ 
cptici irradiation device employing LEDs and incorporating a 
heat pipe to cool the lEDs. 

According to a fourth aspect, the invention consists in a heat 
Pipe comprising inner and outer „.Us that extend 
longitudinally £r«„ on. end o£ the heat pipe to the other and 
•define an annular space therebetween containing a ™.t«t»l 
Chat serves to absorb heat by . phase change, the annular 
.pace being divided by i„..„., „,^,,^ . ^^^^^^^^^ 

tlu.d flo„ ehannel. that extend longitudinally between said 
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ends, some of said channels being adapted to conduct the 
li.^id/vapour phase of said material from the hot and of the 
heat pipe co the cold end, and other channels being adapted to 
return said liquid phase from the cold end of the pipe to the 



ho t end . 



According c= . «jth aspect, the invention consists in an 
irradiation device e^loyina LEDs and a tapered li^ht guide to 
collect radiation emitted by the LZDs and deliver this to an 
output be.». Wherein two or .ore tapered light guides are 
•rranged in series so that successive guides receive radiation 
fro. preceding guides, and a group of leDs is provided at the 
xnput end Of each guide, each successive guide preferably 

being provided with a rina af r rn,, ^ ^ 

ring of LEDs around the output end of 

t-he preceding guide. 

The first aspect of the invention .eans that LBDs occupy more 
Of the available space, and a fixed number produce a higher 
radiant intensity. Thus, smaller numbers of LEDs can be used 
to produce a desired level of irradiance, which in turn 
reduces the power retired to drive the device and the heat 
generated by it. Purther^ore. the device can be mad. more 

compact. Packing of the led^ 

tne LEDs in this way may involve a slight 

reduction in the outpur of -ar^K r ^ 

of each but the more effective 

packing density produces an overall • • 

"v-eraii increase m irradiance. 
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-rVpically, a central LED might have a polygonal outer surface, 
and a first ring of leDs would be arranged around it. each 
with a flat face to abut a corresponding face of the central 
LED and possibly each having a pair of radiating side faces 
Which abut adjacent LEDs in the first ring. Furthermore, a 
second or more rings of LEDs could be arranged concentrically 
with the first ring, «ach with respective adjacent flat side 
faces abutting one another and possibly with inwardly diverted 
faces abutting respective outwardly directed faces of the LEDs 
Of the inner ring. Alternatively, a single ring or two or more 
concentric rings of leEs could be used without a central LED. 

DSSCRIPTTON or TWTT np^y.^^^^^^ 

The invention will now be described by way of exa^pl^ .1,^ 
reference to the accompanying drawings, in which: 

^^'^"^ ^ " ^ schematic cross-section through a first 

^ntbodiment of the in^ror^i- • . 

invention comprising a cluster of hexagonal 

section LEDS; 

"""•^ ' * =«ss-ae=tio„ .hxough a s.ccnd 

aroup Of LEDS and an ou«r ring of LEDS,- 
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"'"'^^^^ ' " ^ schematic cross-section through a third 
embodi„.ent of the invention coxnprising a cluster of two rings 
of LEDS; 



figure i is a schematic side elevari^r, ^-p =. * 

siae elevation of a fourth embodiment 

of the invention; 



IlSnr^ is a schematic longitudinal section through a fifth 
embodiment of the invent ion ; 

Ei^^iL^ is a schematic longitudinal section through a sixth 
embodiment of the invention; 



fiau^ is a schematic cross-section through a bundle of 
light guide fibres with modified sections; 



is a schematic side elevation of a tapered 
light-guide according to another embodiment of the invention; 
and 



£i=»^S_2 is . ,ch««ti= crcss-secion through = he« pipe 
aocoraing to the invention. 

WPS OF r»RRVTMr. n,^ T |-t;ttTi-iU 

xn a tvpical optical ir.aaietion a,vioe according to the 
-vention. . plurality .HB. ar. cluacre. tog.thar .o aa to 
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direct eznitted radiation into a single beam. a cluster of 
LEDs 43 is Shown in side view in Figure 4, and in plan vie^ or 
cross-section in Figures 1 to 3 . Each LEX> comprises a 

light-emitting semiconductor Pn junction (not shown) which is 
encapsulated in an outer plastics envelope, the profile of 
Which is shown in the drawings. The sides of the LED 

envelope are shaped to allow the LEDs to be clustered together 
more closely at their bases, thereby increasing the ratio of 
occupied to unoccupied space in the cluster of LEDs . The 
tips of the LEDS are substantially spherical and transmit the 
radiation to form the beam. 

m th. «nbodi»an,: of ek. invention illustrated in Figure 1 the 
outer envelope of the leDs is hexagonal in cross-section, 
the LEDS are clustered in the manner of a honeycomb as shown, 
with adjacent facets abutting one another. 

m the second «„bodi.,ent of the invention illustrated in 
fioure 2. a central LED 21 of hexagonal cross-section has 
facets Which abut adjacent facets of six LEDs 22 in a first 
ring of LEDs with radially extending side facets that allow 
adjacent LEDs in the ring to abut one another. * second ring 
ct LEDS 23 is arranged around the first ring of LEDs. and 
these LEDS 23 have radially extending side facets that allow 
adjacent LEDS in the ring to abut on, another 
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In a third embodiment of the inven^-•r,T^ 

tne mventxon shown m Figure 3. em. 

inner ring o£ nine .ED. 31 in . firsc rin, i. confined «ichin 
a second ri„, of LEB= 32. and radially e«endin. side facet. 
ot Che ^ZBs in both rings allow adjacent LEDs in each rin, to 

abut one another. 

Both the second e^odtnent of Pi^ure 2 and the third 
e»hcdi„ent Of .i,ure 3 be modified ^ the addition of on. 

or more further corjcentrin -^-i^^o 

oncentric rings of leDs . Also, the 

- abut si.il..i^ Shaped circumferential f.cets of the 
adjacent ring of leds. 

in .et another e:^odi„ent, the central .roup of .ex>s 21,22 o. 

Figure 2 may be reolac^rt v-^, 

replaced by the same number of leDs in a 

honeycomb cluster. Yet anof-h^v 

Yet another emboaiment may consist of the 

s^ngle ring of .hDs :a .bown in .igure 3. xt will be 

appreciated in all three illustrated embodiments, the ...s are 
mounted in a substantially flat plane. 

in modifying the conventional optical sphere shape of the 
outer plastics envelope of a LPn . 

'^''^^ ^° be taken to 

preserve as much as possible of - • 

^ , °^ tocusing effect of the 

envelope to maximise the total . ■ 

the envelope of exist! However, because 

tbeir remoLi f^r th ^ ^^^^^'^ ^^^^^ — 

from the moul. manufacture, the .hape. 
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side facets con be formed around the broader base of the LED 
to change its cross-section, for example to become hexagonal, 
but With these facets havin, a reducing effect on the shape of 
the envelope towards its tip where the focusing effect of the 
envelope is concentrated. Thus the invention can employ 
existing LEDs and modify their shape in a secondary 
manufacturing process, for example, using Jigs, or the 
invention can employ LEDs which have been specially 

manufaccured with the -s>rrn-i>.a^ 

line _equired outer envelope shape to 

accommodate better clustering. 

The shaped facets of the LEDs may be polished to enh«>ce 
reflection and help reduce any loss of optical powers 

Additionally, a reflective metallic film may be applied to the 

shaped facets to further enhance reflection. 

The LEDS may also incorporate a „icrolens or microlens array 
to aid colllmatlon of the beam. 

The electrical connections of the LEDs, toown as lead frames 
are connected to respective positive and negative power 
terminals or bus bars «. Preferably, these terminals are 
adapted to serve the dual function of heat sinHs to help 

remove heat generated by the LEDs 43. Thus th. . • , 

. inus, the terminals 

ocateT" " ' ^-^'^ " — - 

l=""d « the optimum location relative to the LEDs and the 
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external surfaces of the device. m one particular 

embodiment most suited to the LED array of Figure 3, the 
terminals 42 take the form of two concentric rings, each lying 
adjacent to the bases of one ring of LEDs 31 or 32. 
Preferably, the negative terminal is the outer one because the 
negative lead frames 44 of the LEDs generally get hotter than 
the positive load frames 44. 

The tzyplcal optical irradiation device according to the 
inv«,tion also preferably incorporates a tapered light juide. 
shown as sn^ide 41 in Figure 4, to collect light emitted by the 
LEDS and deliver this as an output bea„. it is knovm to use 
licrht guides With adiabatic optical t.p«rs in ' optical 
irradiation devices so that there is total internal reflection 
of the light as it is conducted from the light source to the 
output. However, an advantage of the invention is that the 
more contact cross-section of the LED cluster means that the 
diameter at the input end of the light guide can be smaller. 

thus a smaller angle of adiabatic taper ,i.e. the ratio of 
the diameter of the input end to the output end of the light 
auide, can be provided In the light guide with the consequent 
-ore efficient transmission of radiant energy and increased 
Illuminance. This improvement is most marXed compared with a 
conventional approach of simply increasing the numbers of LEDs 
in a Cluster at ever Increasing diameters with decreasing 
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beneficie.1 effect on illuminance and increasing detrimental 
effect on compactness, heat generation and cost. 



In another embodiment of the invention, illustrated in Figure 
6, two or more adiabatic tapered light guides 41 are arranged 
in series, each vrith a corresponding cluster of LEDs 43. but 
With successive clusters forming a ring around the end of one 
light guide as it connects to the next. Alternatively, each 
successive ring of LEDs 43 may be replaced by just one ' or a 
fewer number of LEDs. This arrangement allows the overall 
diameter of the device to be 3cept relatively small as the LED 
clusters 43 are arranged in groups along the length of the 
device. 

in rt. preferred e™bodi,„,„= ,t ^ ^.^^^^ ^^^^^^^ 

light guid, 41 i= provided. If r=,„ired. th. li,ht guide can 
be curved along it= length, as shown In Figure 5, to direct 
the output bee« to suit a particular application, this being a 
icnown practice with existing light guides. The light guide 
be :„a=hin.d fron cast acrylic plastic and bent, or could 
be „ade £ro» glas. or other optically transparent materials. 

An alternative light guide is illustrated in Figure 8 in which 
^h. bend in th. light guide .1 i.. „ ^ ^^^^^^^ 

section in i„ ^^^^^^^ ^ ^^^^^^^ 



wo 99/16136 PCT/GB98/02905 

I 1 



before widening e,ain to a larger diai.eter towards its o,at£,ut 
end. By forming the bend at the minimum diameter, the lishc 
transmission losses or the light guide caused by the bend are 
reduced, but the effective cross-sectional area of the output 
beam is maintained at the required level. 

Fused ftbre-bundle light guides have the advantage of 
individual fibres being of a relatively small diameter so that 
.hey can be bent over a tighter radius without the greater 
losses associated with larger diameter fibres when bent ove. 
the same radius. However, conventional fused- fibre bundle, 
have the disadvantage of a pacWng fraction loss, that is, th, 
outer Cladding of the fibre uses up a significant prooortlon 
of the cross-section of the light guide into which light from 
«.e semiconductor array is directed, thus reducing the amount 
Of transmitted radiation available from the semiconductor 
source. Preferably, therefore, in one embodiment of the 

invention, illustrated in Figure the guide comprises a few 
shaped fibres 61 placed addacent to each other and fused 
together. a ,uta. ^^^.^ manufactured by 

MicroQuartz Sciences Inc. of Phoenix, Arizona, t,SA. m this 
-a., the diameter of each fibre is ..aller than a single 
homogeneous guide rod so that they allow g.„ter light 
transmission on bending around the same hand radius, .ut also 
the pacing .„etio„ is also greatly .educed over conventional 
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fibre guides. resulting in a greater than 90% core 
availability at the input end of the guide. 

in another embodiment of the invention, a graded-index 
optical light guide is used. A graded-index light guide has 
no sudden interface between the cladding and the core. 
Instead, the refractive index varies either radially or 
axially. m one embodiment, the gradient of the refractive 
index of the light guide varies both radially and axially so 
that the light energy is favourably manipulated. A guide 

that uses a stepped index could also be used ^ith the same 

axial and radial variation in refractive index. m this way. 

the numeric aperture can be varied at either end of the guide 

to achieve the desired transmission. 

in other embodiments of the invention, instead of providing a 
single tapered light guide, each LED or groups of LEDs could 
be provided with its own light guide fibre incorporating an 
adiabatic optical taper, and the output ends of these fibres 
could be collected together to form a single output beam. The 
input end of the fibre would be moulded optically to the 
adjacent I.ED or group of LEDs for efficient transmission of 
radiation. m this way. the diodes can be spaced more widely 
to dissipate unwanted heat. m yet another embodiment of the 
invention, each could be adjusted so .hat its outer 

envelope is extended into a .ihre li,.. 
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incorporates an adiabatic optical taper. m yet another 

embodiment, the section of the fibres may be modified so that 
shaped faces of the fibres fit together to reduce the 
interstitial space. One embodiment of this design could be 
as shown in Figure 7 . 



The light guide or light guides used according to the 
invention may be formed with an outer metallic coating to 
improve its performance. 



It will be appreciated that the irradiance of the device 
according to the invention can be varied by varying the input 
power, number of LEDs, or by varying the adi'abatic taper of 
the light guide. 



Cooling of the LED cluster can be aided according to another 
feature of the invention by arranging that the electrical 
connections of each LED are thermally connected to one or more 
heat pipes. Conventional LED irradiation devices usually 
include a heat sink to conduct away the heat from the LED 
chips. Heat sinks are generally slow and inefficient in 
conducting heat away from a heat source compared with heat 
Pipes. Heat pipes conduct heat away rapidly by using the 
latent heat of a substance, such as water, which is vaporised 
by tbe heat f.om the source. The vapour .oves ac bigh speed 
to the cooler end of the Keac pipe and condenses. Heat pipes 
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are unique in their ability to conduct heat rapidly in this 
way. 

Figure 5 shows a device according to the invention which 
incorporates a heat pipe 45 as a single lumen in the main body 
46 of the device. The hotter of the LED leads is preferably 
placed nearer the heat pipe 45 or outer case 47 of the LED 
cluster so that the heat path of the hotter lead is shorter. 
A thennal connector 48 may be provided between the LEDs 43 and 
the end of the heat pipe 45. if required, additional forced 
cooling n^eans may be used for example, a fan 49 or Peltier 
device 50 in juxtaposition to the pipe. m addition, a heat 
sink 51 may be provided. 

Because o* the greater coolin, ability of heat ^ip.s, they 
allow the LED= to be driven in such a maimer as to produce 
more radiation, and thus allows a more powerful device to be 

manufactured. 

For portable use, the LEDs are operated from batteries 52. 
Which are located in a hand grip S3 attached to the body ,s. 
in Figure 5. However, the heat pip, design can be modified 
as shown in Figure 9 to accoi»odate batteries. The heat 

Pipe consists of two concentric heat conducting tubes S5 56 
with a folded interstitial heat conduction el«„.nt S, bet„.« 
thee, tubes si^lar in appearance to a length of corrugated 



wo 99/16136 PCT/GB98/02905 

15 



Sheet rolled into a tube. This lies v/ithin the concentric 
tubes. The wicks -58 of the heat pipe can then be placed in 
alternative grooves in the corrugated sheet, while the empty 
grooves 59 allow for the rapid movemenc of the vapour formed 
at the wanner end of the heat pipe. 

By designing the heat pipe in this way batteries, capacitors, 
supercapacitors or other energy source 6 0 can be located 
within the inner wall 55 of the heat pipe. 

In some embodiments, for example, where there are a large 
number of LEDs , a heat sink 51. may be necessary in addition to 
the heat pipe 45. The intermittent use of an LED irridation 
device for dental curing, means that with careful design, a 
heat sink may be omitted. if cooling to below the ambient 
temperature is required, such as may be the case in extreme 
environments, a Peltier device 50 may be added to the heat 
pipe, although a Peltier device will result in a greater 
consumption of power and a requirement for greater heat 
dissipation. 

The wavelengths of the LED used will depend upon the 
applications of the device. A LED emitting blue light with a 
peak wavelength of about 470mm is used to harden dental 
polymers. but a LED emitting r.d light may be useful for 
Photodynamic therapy, for example, cancer therapy. 
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The wavelength of light, emitted by the LEDs may be modified in 
a light guide by doping the material from which it is composed 
with fluorescent material. This can serve to lengthen the 
wavelength of the emitted light so as to suit the particular 
application. 



The Choice of LED is also important in terms of ics 
construction, diameter, irradiance and light angular spread 
pattern, From a range of kno^vn LEDs the best available 

choice has been determined as that vich a 3Kua diameter rather 
than a 5mm diameter and an angular spread of 3 0 degrees rather 
than 15 or 45 degrees. Nichia is the manufacturer of these 



LEDs. 



It Will be appreciated that che -.erm "light-emitting 
diode-LED" as used herein also includes laser diodes. 

l^EDs in the devices according to the invention may be operated 
in a pulsed mode or modulated mode to vary the output 
radiation intensity to suit the application, and multiple 
Clusters of LEDs, such as in the embodiment of Figure 6. may 
each be generated in a different mode. 



The power supply for the LEDs of r>,^ ^ 

LEDs of the device according to the 

invention could be mains power batc-r^ 

power, tatCcry power, capacitor. 
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supercapacitor, solar power, clockwork generator or generator 
powered by the mechanical effort of the operator or assistant. 

in one embodiment, a capacitor or supercapacitor could be used 
to power the array having advantages over conventional 
rechargeable sources such as batteries. Capacitors can be 
virtually instantaneously recharged between one or more curing 
cycles of operation when the unit is connected to a power 
source . 

The power supply for the device may be re-chargeable, and may 
be designed to make automatic electrical contact with the 
charging means of a base unit when engaged with the latter in 
the manner of a cordless telephone handset. 
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CLAIMS 

1. An optical irradiation device comprising an array of light-emitting diodes (LEDs) 
clustered so that radiation they emit is directed into a beam characterised in that each LED is 
formed with multiple facets such that the facets of adjacent LEDs adjoin one another in close 
proximity throughout their length. 

2. A device as claimed in claim 1 in which the facets of adjacent LEDs extend 
substantially parallel to one another. 

3. A device as claimed in claims 1 or 2 in which the facets of adjacent LEDs abut one 
another. 



4. A device as claimed in any one of the preceding claims in which LEDs are arranged 
a ring with side facets of adjacent LEDs adjoining one another. 



m 



5. A device as claimed in claim 4 in which LEDs arc arranged in concentric rings with 
side facets of adjacent LEDs in each ring adjoining one another. 

6. A device as claimed in claim 5 in which the LEDs of adjacent rings have radially 
directed facets adjoining one another. 
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7. A device as claimed in aiay one of claims 4 to 6 in which a single LED is located 
within said ring or innermost concentric ring. 

8. A device as claimed in claim 7 in which said single LED has radially directed facets 
that adjoining facets of the LEDs in said ring or innermost concentric ring. 

9. A device as claimed in any one of the preceding claims in which the LEDs are regular 
polygons in cross-section. 

10. A device as claimed in claim 9 in which the LEDs are hexagonal in cross-.section. 

11. A device as claimed in any one of the preceding claims in which the facets of the 
LEDs are polished. 

12. A device as claimed in any one of the preceding claims in which the facets of the 
LEDs are provided with a reflective coating. 

13. A diode adapted for use in an optical irradiation device as claimed in any one of 

claims 1 to 12. 

14. A device as claimed in any one of the preceding claims, including a light guide for 
collecting light from the cluster of light emitting diodes. 
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1 5. A device as claimed in any one of claims 1 to 13. wherein a light guide is provided for 
each light eniitting diode in the cluster. 

16. A device as claimed in any one of the preceding claims including a Ught guide for 
collecting light from the cluster of LEDs. the light guide having an index that varies from one 
pan to another so as to manipulate the light. 

17. A device as claimed in any one of the preceding claims including a light guide that 
con.sists of a few fibres formed individually before being bundled together. 

18. A device a.- claimed in any one of the preceding claims including a light guide 
consisting of .shaped fibres packed together so that the packing fraction is reduced. 

19. An irradiation device employing LEDs and a tapered light guide to collect radiation 
emitted by the LEBs and deliver this to an output beam, characterised in that two or more 
tapered light guides an. arranged in series so d,at .successive guides receive radiation from 
preceding guides, and an UED or group of LEDs is provided at the input end of each guide. 



20. A device as claimed in claim 20 in which each succes.sive guide is provided with a 



ring of LEDs around the output end of the preced 



ing guide. 



21. A devic „ Claimed in any one of fto preceding claim, in which *e hea. i. removed 
from the LEDs by a heat pipe. 
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22. A device as claimed in claim 21 in which a plurality of heai pipes is used to transfer 
heat from the LEDs. 

23. A device as claimed in claim 21 or 22 in which an annular heat pipe is sued so that it 
can contain energy storage means. 

24. A device as claimed in any one of the preceding claims, including a Peltier device to 
cool ihe LEDs. 

25. A device as claimed in any one of the preceding claims having a pistol grip to contain 
energy storage means. 

26. A device as claimed in any one of the preceding claims, including a capacitor or 
supcrcapacitor to power the device. 

27. An optical irradiation device comprising a plurality of LEDs and a heat pipe to cool 
the LEDs. 

28. A hand^held device for curing dental matenals including an optical irradiation device 
as claimed in any one of the preceding claims. 



4 
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29. A heat pipe comprising inner and ourer walls that extend longimdinally from one end 
of the heat pipe to the other and define an annular space therebetween conuining a material 
that serves to absorb heat by a phase change, the annular space being divided by internal walls 
into a plurality of fluid flow chaimels that extend longitudinally between said ends, some of 
said channels being adapted to conduct the liquid/vapour phase of said material from the hot 
end of the heat pipe to the cold end. and other channels being adapted to return said liquid 
phase from the cold end of the pipe to the hot end. 

30. A tapered light guide for an optical irradiation device, which light guide is tapered 
from its input end lo its output end and has an intermediate region of minimum diameter in 
which a bend is foraicd. 
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□ the drawings, sheets: 

3. □ This report has been established as if (some of) the amendments had not been made, since they have been 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 



4. Additional observations, if necessary: 



IV. Lack of unity of invention 

1 . In response to the invitation to restrict or pay additional fees the applicant has: 

□ restricted the claims. 

□ paid additional fees. 

□ paid additional fees under protest. 

El neither restricted nor paid additional fees. 
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2. □ This Authority found that the requirement of unity of invention is not complied and chose, according to Rule 

68.1 , not to invite the applicant to restrict or pay additional fees. 

3. This Authority considers that the requirement of unity of invention in accordance with Rules 13.1, 13.2 and 13.3 is 

□ complied with. 

H not complied with for the following reasons: 
see separate sheet 

4. Consequently, the following parts of the international application were the subject of international preliminary 
examination in establishing this report: 

□ all parts. 

Kl the parts relating to claims Nos. 1 - 18, 21 - 26, 28. 



V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial 
applicability; citations and explanations supporting such statement 

1. Statement 



Novelty (N) 


Yes: 


Claims 


1 


- 18, 21 


- 26, 28 




No: 


Claims 








Inventive step (IS) 


Yes: 


Claims 


1 


- 18, 21 


- 26, 28 




No: 


Claims 








Industrial applicability (lA) 


Yes: 


Claims 


1 


- 18, 21 


- 26, 28 




No: 


Claims 









2. Citations and explanations 
see separate sheet 

VII. Certain defects in the international application 

The following defects in the fomn or contents of the international application have been noted: 
see separate sheet 
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VIII. Certain observations on tlie international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 

see separate sheet 
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Concerning Section IV: 



1 . Claims 1 to 12, 14 to 18, 21 to 26, and 28 are directed to an optical irradiation device 
comprising an array of light emitting diodes clustered so that radiation is directed into 
a beam, wherein each light emitting device is formed with multiple facets such that 
the facets of adjacent light emitting diodes adjoin one another in close proximity 
throughout their length. The problem to be solved is to allow a dense packing of the 
light emitting diodes. 

2. Claim 13 is directed to a single light emitting diode which is adapted to be used in an 
optical irradiation device as claimed in one of claims 1 to 12. The features of the 
diode are not clear from the claim (Article 6 PCI), however, it is interpreted in the 
sense that the shape of the diode should be specified. In this sense, claim 13 
belongs to the same invention as claims 1 to 12, 14 to 18, 21 to 26, and 28. 

3. The most relevant state of the art is described in the document US-A-5 634 71 1, 
which will be referred to as D1 in the following procedure. The document describes 
an optical irradiation device with the features of the preamble of claim 1 (cf. column 
3, line 6, to column 5, line 20, and Fig. 1). 

4. Claims 19 to 26 and 28 are directed to an irradiation device employing light emitting 
diodes and at least two light guides. The problem to be solved by these features is 
to improve light collimation. The problem and is solution are completely different from 
those of claims 1 to 18, 21 to 26, and 28. 

5. Claims 22, 27, and 28 are directed to a optical irradiation device comprising a 
plurality of light emitting diodes and a heat pipe to cool the light emitting diodes. The 
problem to be solved is to effectively remove the heat generated by the light emitting 
diodes. The problem and its solution are completely different from those of claims 1 
to 18. 21, 23 to 26, and 28 and those of claims 19 to 21, 23 to 26, and 28. 

6. Claim 29 is directed to a heat pipe and not to an optical irradiation device. Therefore 
the common inventive concept between claim 29 and the remaining claims is 
missing. 
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7. The same objection is true with respect to claim 30, which is directed to a tapered 
light guide. The tapered light guide can be used with an optical irradiation device, it 
is however a different device, so that there is no common inventive concept with the 
subject-matter of claims 1 to 29. 

8. As a consequence, there are the following independent inventions not linked by a 
common inventive concept: 

1. The optical irradiation device according to claims 1 to 12, 14 to 18, 21 to 26, 
and 28 and the light emitting diode therefor according to claim 13. 

2. The optical irradiation device having a plurality of tapered light guides according 
to claims 19 to 26. 

3. The optical irradiation device having a plurality of heat pipes according to claims 
22, 27, and 28. 

4 A heat pipe having a plurality of fluid flow channels according to claim 29. 
5. A tapered light guide according to claim 30. 

9. Since the applicants did not indicate on which of the inventions the examination 
should be based, the International Preliminary Examination Report is written on the 
basis of claims 1 to 18, 21 to 26, and 28, which are considered to define the main 
invention (Article 34(3){c) PCT. 
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Concerning Section V: 



1. Claim 1: 

1 . The document US-A-5 634 71 1 (= D1 ), which Is considered to represent the most 
relevant state of the art. describes an optical irradiation device comprising an array 
of light-emitting diodes (LEDs) clustered so that radiation they emit is directed into 
a beam (cf. column 3, line 6, to column 5, line 20. and Fig. 1). 

2. The subject-matter of claim 1 differs therefrom in that the LEDs comprise facets 
which adjoin each other throughout their length. 

3. The document Patent Abstracts of Japan;& JP-A-8 116 093 (= D2) describes a 
screen comprising semiconductor LEDs. The LEDs are formed on a common 
substrate and have multiple facets which adjoin the facets of adjacent LEDs (cf. Figs 

2. 4, 5. and 10 of the Japanese patent application). The device of the document D2 
Is however not an irradiation device, the emitted light is not directed into a beam. The 
hexagonal shape is also used to form pixels of diodes emitting light of the three basic 
colours. 

4. The document Patent Abstracts of Japan;& JP-A-9 01 0 238 (= D3) describes a dental 
photo irradiator comprising a plurality of LEDs clustered so that the radiation they 
emit is directed into a beam. The LEDs do not comprise multiple facets. 

5. The person skilled In the art would depart from an arrangement of LEDs as described 
in document D3 in an irradiation device. Since the LEDs have in general a circular 
cross section, a dense packing is already possible. The skilled person would 
therefore not readily contemplate from the knowledge of document D2 to re-shape 
the LEDs in the sense of document D2. 

6. As a consequence, claim 1 is considered to meet the requirements of Article 33(2) 
and (3) POT. 
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II. Claim 13: 

1 . Claim 13 is directed to a diode which has been modified to fit into a device according 
to claim 1. Claim 13 is therefore a "product-by-process" claim (cf. remarks concerning 
section VIII below). The LEDs described in document D2 are formed on a common 
substrate and are therefore not suitable for use in a device according to claim 1 . 

2. The idea of cutting facets into diodes to allow a dense packing is not rendered 
obvious by the available prior art. Claim 13 is therefore considered to meet the 
requirements of Article 33(2) and (3) PCT. 

III. Claims 2 to 12, 14 to 18, 21 to 26, and 28: 

1. Claims 2 to 12 are dependent on claim 1 and therefore comprise all the features of 
claim 1. Since claim 1 is considered to meet the requirements of Article 33(2) and (3) 
PCT, also claims 2 to 12 are considered to meet these requirements. 

2. Claims 14 to 18, 21 to 26, and 28 refer to all preceding claims. This does not make 
sense with respect to claim 13, however, as far as these claims refer to claim 1 , also 
claims 14 to 18, 21 to 26, and 28 are considered to meet the requirements of Article 
33(2) and (3) PCT. 



Concerning Section VII: 

1. Contrary to the requirements of Rule 5.1(a)(ii) PCT, the relevant background art 
disclosed in the documents D1 to D3 is not mentioned in the description, nor are 
these documents identified therein. 
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Concerning Section VIII: 

1. Claims 11 and 13 are directed to a device but describe the device in terms of a 
process for its manufacture. Such "product-by-process" claims are only clear if the 
process features can be unambiguously inferred from the finished device, which is 
apparently not the case here (Article 6 PCT). 

The applicant should rather define an encapsulation of the LEDs which may be 
faceted. In view of the prior art the specific process of forming the facets is then no 
longer necessary to impart inventiveness. 

2. Claims 14 to 18 and 21 to 26 should not refer to claim 13 (Article 6 PCT). because 
the claims do not relate to a single diode. 
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